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(54) BELT CONVEYOR AND AUXILIARY EQUIPMENT THEREOF

(57) Disclosed is a belt conveyor capable of greatly
reducing friction resistance between side portions of a
belt and troughs, comprising troughs (5), a belt moving
above the troughs (5) along a longitudinal direction
thereof, belt bending members (12) provided outside on
both sides of the belt in the width direction so as to be
located upstream of an entrance (5a) of the troughs, for
abutting with both side portions of the belt to be bent

upwardly, load cells (14) for detecting a reactive force
exerted by the belt with which the belt bending members
(12) make contact, guide rails (16) engaged to cause
the belt bending members (12) to be displaced to be
fixed at a desired position so as to bend the side portions
of the belt or restore the bent belt, and rails (20) for mov-
ing the guide rails (16) along the longitudinal direction
of the belt.
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Description

[Technical Field]

[0001] The present invention relates to a belt convey-
or and associated equipment. More particularly, the
present invention relates to a belt conveyor provided
with a carrying belt moving above troughs along their
longitudinal direction, the troughs equipped on the belt
conveyor, removers for removing residues of products
adhering to the belt of the belt conveyor, and loading
devices for loading the products on various conveyors.

[Background Art]

[0002] Fig. 30 shows a conventional example of an
air-cushion belt conveyor used in various industrial
fields.
[0003] In the air-cushion belt conveyor (hereinafter
simply referred to as a belt conveyor) 201, an endless
belt (hereinafter simply referred to as a belt) 202 is in-
stalled around a pair of end pulleys 203, 204 provided
at both ends of the belt conveyor 201 with their axes
horizontally placed. The pulleys 203, 204 rotate toward
a direction indicated by an arrow H in the Figure, thereby
causing the belt 202 to circulate along a direction indi-
cated by an arrow F. Troughs 205 (see Fig. 31) of circu-
lar-arc cross-section are provided close to the underside
of a belt portion located on the upper side, i.e., forward
(also referred to as outward) belt.
[0004] The belt 202 is generally comprised of a core
body made of cotton, vinylon, nylon, polyester, steel
code and the like, and rubber covering the core body.
[0005] Between the end pulley 203 on a trough en-
trance side and an entrance 205a of the trough 205, up-
per-stage support roller trains 206 such as trough roll-
ers, impact rollers, or the like for supporting the forward
belt 202 from below, are arranged. Each of the upper-
stage support roller trains 206 forms a trough angle.
Specifically, as shown in Fig. 31(a), the upper support
roller train 206 is configured such that a plurality of roll-
ers 206a are arranged in the shape of circular-arc to
cause the belt 202 to be curved in the width direction as
shown in Fig. 31(a) to thereby allow curvature of cross-
section of the belt 202 to conform to that of the troughs
205 (see Fig. 31(b)). Meanwhile, below a belt portion
under the troughs 205, i.e., a return (also referred to as
homeward) belt, lower-stage support roller trains 207
comprised of flat rollers or the like for supporting the re-
turn belt portion to be flat are provided. In some cases,
the lower-stage support roller trains 207 on the return
side are also configured such that a plurality of rollers
are arranged in the shape of circular-arc similarly to the
forward trains. The upper-stage support roller trains 206
and the lower-stage support roller trains 207 are ar-
ranged as being spaced along the longitudinal direction
of the belt 202.
[0006] As shown in a plan view of Fig. 32(a), the sup-

port rollers 206a in the respective upper-stage support
roller trains 206 are arranged in such a manner that gaps
G between the rollers are arranged on straight lines as
seen from the longitudinal direction of the belt. The sup-
port rollers 207a in the lower-stage support roller trains
207 are arranged in the same manner, although this is
not shown.
[0007] Therefore, the belt 202 is deformed by upward
bending at positions corresponding to the gaps G be-
tween rollers along the longitudinal direction of the belt
(see arrows in Fig. 32(b)). The deformation by bending
is a characteristic in which once the belt is bent toward
one direction, the resistive force to the bending toward
the same direction is reduced even after the belt is re-
stored to its original shape after the corresponding
bending force is released. On the other hand, the resis-
tive force is increased when the belt is bent toward the
opposite direction to initial bending. This characteristic
is believed to be attributed to visco-elasticity of rubber
as a material of the belt 202.
[0008] Specifically, as shown in Fig. 32(b), the belt
portion 202 on both sides around the gap G between
adjacent rollers (represented by reference numeral
206a) as a center axis is upwardly bent. After this bend-
ing is released and a belt shape is thereby restored, the
belt portion tends to be easily bent upwardly.
[0009] As a result, when this portion of the belt 202
moves up onto the trough 205, and is pushed up by com-
pressed air, as shown in Fig. 32(c), the cross-section of
the belt 202 in the width direction have corners C rather
than smooth circular-arc (for easier understanding, the
shape is exaggerated in the Figure). In order to prevent
the corners C from making contact with the trough 205,
it is necessary to increase an air pressure to thereby
increase a floating force. This might cause an increase
in the amount of air escaping from the side portions of
the belt 202.
[0010] Meanwhile, between the end pulley 203 on the
trough entrance side and the entrance 205a of the
troughs 205, a shoot 208 is provided for dropping the
products onto the belt 202. As shown in Fig. 31(a), the
width of a lower end opening 208a of the shoot 208, i.
e., the dimension of the lower end opening 208a in the
belt width direction is set slightly smaller than the width
of the belt 202. This is because the excess reduction of
the width might cause the shoot 208 to get clogged with
the products. Skirts 209 are provided on both sides of
the belt 202 in the width direction in the vicinity of where
the shoot 208 is provided, to prevent dropping of the
products from the belt. The support roller train 206 pro-
vided under the belt portion at a position corresponding
to the position of the shoot 208 functions as impact roll-
ers 206 for receiving drop load of the dropped products.
The impact rollers 206 are, as described above, config-
ured such that, the plurality of rollers 206a are arranged
in the shape of circular-arc to cause the belt 202 to be
curved in the width direction to thereby allow curvature
of cross-section of the belt 202 to conform to that of the
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troughs 205 (see Fig. 31(b)). A belt portion between the
both end pulleys 203, 204 is surrounded by a duct 210.
[0011] As shown in Fig. 31(b), an air-supply hole 211
is formed at the bottom of the trough 205. For the pur-
pose of floating the belt 202 above the trough 205, an
air-supply device 212 is provided for injecting com-
pressed air into between the belt 202 and the trough 205
through the air-supply hole 211.
[0012] It is preferable that, in the belt conveyor, in par-
ticular in the air-cushion belt conveyor, the products are
evenly loaded in right and left direction with respect to
a center portion on the belt portion in the width direction.
This is because if the products are unevenly loaded in
the width direction of the belt, the belt is likely to snake
because of directional imbalance between the floating
force of air and the gravity of the products above the
trough. However, in the belt conveyor 201 provided with
the shoot 208 having a large opening width, the products
are unevenly arranged on the belt 202 depending on the
state of the products dropping through the inside of the
shoot 208, thereby causing the belt 202 to snake.
[0013] Accordingly, as a solution to this problem, belt
conveyors have been proposed as disclosed in Japa-
nese Laid-Open Patent Application Publication Nos. 7 -
125826, 9 -169423. The belt conveyor comprises a sen-
sor for detecting snaking of the belt, and a mechanism
for pivoting a shoot or a damper at a lower end of the
shoot in the width direction of the belt. With such a con-
figuration, a detection signal of the snaking detection
sensor is fed back to the shoot (damper) pivoting mech-
anism to change the positions of the products being
loaded toward the direction for canceling the snaking.
However, such a conveyor is complex in mechanism,
and the number of parts is greatly increased.
[0014] In general, in the above-mentioned conveyor,
when the belt 202 is curved by the upper support roller
trains 206 to cause the cross-section of the belt 202 to
conform in curvature to that of the trough 205, the belt
is thereafter restored to a flat shape. As a result, when
the belt 202 moves up onto the trough 205, both side
portions of the belt 202 are brought into contact with the
trough 205, and a space for compressed air for air-cush-
ion is ensured between the belt 202 and the trough 205.
[0015] However, in the case where the belt 202 is
moving while its both side portions are in sliding contact
with the trough 205, friction resistance generated be-
tween the side portions of the belt and the trough be-
comes large and therefore is not negligible. As a result,
it is necessary to select a driver which outputs a high
power for rotatably driving the pulleys 203, 204. Further,
the friction between the side portions of the belt 202 and
the trough makes the life of the belt 202 shorter.
[0016] The trough of the air-cushion belt conveyor is
provided with an extension/contraction allowance in the
total length of the conveyor for absorbing thermal ex-
pansion, manufacturing error, installation error, etc,
which are associated with the troughs.
[0017] Figs. 33(a), 33(b), and 33(c) are a plan view, a

longitudinal sectional view, and a side cross-sectional
view, respectively, showing a general connecting meth-
od of the troughs. The air-cushion belt conveyor is con-
stituted such that air for air-cushion is supplied between
the arc-shaped troughs 205 and the inwardly provided
belt 202 from an air-supply chamber 213 under the
trough 205 through the air-supply hole 211, thereby
causing the belt 202 to float and move. When the
troughs 205 form a long carrying path, a gap 214 is pro-
vided at the connecting portion between the troughs 205
as an extension/contraction allowance. A backing plate
(guide plate) 217 is provided between adjacent troughs
205, for covering the gap 214, and a small air passage
(groove) 218 is formed between the gap 214 between
the troughs 205 and the surface of the backing plate
217.
[0018] For this reason, the air for air-cushion flowing
between the belt 202 and the troughs 205 flows outward
in the width direction of the troughs 205 along the air
passage (groove) 218 and leaks outside at the side por-
tions. As a result, the belt 202 is floating unstably, which
increases a moving resistance. It is therefore necessary
to enhance a capability of a blower and thereby increase
a supply amount of the air for air-cushion.
[0019] Besides, when the troughs 205 are extended/
contracted by heat or the like, and in this state, the
troughs 205 slide, this causes change in the gap 214
between the trough 205, i.e., air passage (groove) 218,
and hence change in leakage amount of the air for air-
cushion leaking outside through the air passage
(groove) 218. This leads to unstable flotation of the belt
202, which is brought into contact with the troughs 205,
thereby resulting in an increase in a moving resistance.
[0020] Japanese Laid-Open Patent Application Pub-
lication No. Hei. 10 - 316244 discloses a technique in
which, for the purpose of simplifying a connecting work
of the troughs, a connecting guide member is protruded
by a predetermined amount from a rear end face of one
of the troughs, the other trough is positioned on the up-
per side of a connecting guide member, and bond is
filled between end faces of these troughs. This prior art
is disadvantageous in that the sliding of the trough ex-
tended/contracted due to heat is not permitted, although
there are no grooves through which the air for air-cush-
ion escapes.
[0021] The products adhere to the belt 202 and such
residues are carried along with movement of the belt
202. Then, they drop, fly, or adhere around a return belt
moving path, thereby causing contamination, corrosion,
deposition, or change in moving resistance.
[0022] Accordingly, there has been conventionally
proposed a device for removing residues on the belt on
the return side. The residue removing means includes
scraping by cleaners, or cutwater rollers (the roller
adapted to press against the belt).
[0023] Publication of Unexamined Patent Application
Publication No. Hei. 7 - 20767 discloses a blade consti-
tuting a scraper, which is mounted to extend in the width
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direction of the belt and to be adjustably positioned by
rotation around an axis extending in the width direction
of the belt. The blade is curved as having a distance
from the axis increasing from both sides of the belt to-
ward its center portion as seen from the width direction
of the belt. When the blade rotates around the axis and
its center portion in the width direction rises up with re-
spect to the belt, this becomes an arch-shaped scraping
portion for the belt. In accordance with this, even when
the belt is deformed by the troughs in the shape of arch,
i.e., deformed by bending, the scraping portion can be
made into contact with the belt surface without gap be-
tween the scraping portion of the belt and the belt sur-
face. As a result, the residues on the belt surface can
be suitably scraped.
[0024] Japanese Laid-Open Patent Application Pub-
lication No. Hei. 6 - 271045 discloses that first to third
processing rollers are rotatably provided in the vicinity
of a terminal end portion of the belt conveyor, for guiding
the belt inverted at the terminal end portion to snake. In
accordance with this, while the belt inverted at the ter-
minal end portion of the belt conveyor snakes through
the first to third processing roller, the residues are
pressed between the belt and the first processing roller
into dehydrated and layered pieces, which are bent and
cracked by the processing rollers, and the resulting lay-
ered broken pieces can be scraped and removed from
the belt surface by bringing the third processing roller
into contact with the belt.
[0025] Meanwhile, the belt is deformed by bending by
the support roller trains. This is because, the cross-sec-
tion of the belt is supported to be arch-shaped by the
guide rollers having the trough angles as described
above, for stably loading the products on the forward
belt moving outward with the products loaded thereon.
[0026] Since each of the above means is adapted to
remove the residues while keeping the cross-section of
the belt in the shape of a straight line, the residue re-
moving capability is high at the center portion of the belt
but is low at the belt side portions due to the deformation
by bending of the belt and reduction of the pressing
force. In general, since the residues are less at the belt
side portions than at the center portion, attention has
been hardly focused on removal of the residues at the
belt side portions. Under the circumstances, effective
removing means has not been proposed.

[DISCLOSURE OF THE INVENTION]

[0027] The present invention is directed to solving the
problem, and an object of the present invention is to pro-
vide a belt conveyor capable of obtaining sufficient air-
cushion amount without increasing an air pressure by
preventing occurrence of deformation of a belt by bend-
ing.
[0028] Another object of the present invention is to
provide a conveyor capable of preventing uneven dis-
tribution of products and thereby preventing snaking of

the belt, and a loading device used in the conveyor and
a guide member therefor with a simple configuration.
[0029] Another object of the present invention is to
provide a belt conveyor capable of significantly reducing
friction resistance between side portions of the belt and
a trough while ensuring a space of compressed air for
air-cushion between the belt and the trough.
[0030] Another object of the present invention is to
provide a trough of an air-cushion belt conveyor in which
leakage of the air for air-cushion from a connecting por-
tion between the troughs hardly occurs so that stable
flotation and movement of the belt are reliably per-
formed.
[0031] In addition, another object of the present inven-
tion is to provide a means for improving residue remov-
ing capability at side portions of the conveyor belt.
[0032] To solve the above-described problems, ac-
cording to the present invention, there is provided a
trough of an air-cushion belt conveyor, the belt conveyor
being provided with interconnected troughs, character-
ized in that the troughs have a sliding structure with a
gap between the troughs so as to be slidable in their
longitudinal direction, and a seal mechanism capable of
preventing leakage of air for air-cushion regardless of
change in the gap due to sliding of the trough is provided
at a connecting portion between the troughs.
[0033] With such a configuration, since leakage of the
air for air-cushion is prevented during sliding of the
trough, the amount of air supply can be reduced. Also,
the flotation above the troughs stably occurs without in-
sufficient supply of air for air-cushion at the connecting
portion between the troughs, and the moving resistance
can be reduced.
[0034] A trough of an air-cushion belt conveyor, the
belt conveyor being provided with interconnected
troughs, is characterized in that the troughs have a slid-
ing structure with a gap between the troughs so as to
be slidable in their longitudinal direction, and a labyrinth
seal mechanism capable of preventing change in leak-
age amount of air for air-cushion regardless of change
in the gap due to sliding of the trough is provided at the
connecting portion between the troughs.
[0035] Thereby, since the amount of air supply can be
reduced and the leakage amount of the air for air-cush-
ion can be stabilized, the belt can float stably and the
moving resistance can be reduced.
[0036] In this case, it is preferable that at the connect-
ing portion between the troughs of the air-cushion belt
conveyor, the troughs are fitted at their concave and
convex portions with a gap in a direction in which the
trough slides, thereby forming the sliding structure, and
minute gaps parallel to the direction in which the trough
slides are created during sliding of the trough, thereby
forming the labyrinth seal mechanism. Since the provi-
sion of the labyrinth seal structure at the trough connect-
ing portion can make the width of an air passage in a
labyrinth portion constant regardless of change in the
gap between the troughs, and hence, the leakage
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amount of the air for air-cushion can be made constant.
As a result, floatation of the belt can be stabilized.
[0037] The minute gaps constituting part of the laby-
rinth seal mechanism are provided inwardly of belt side
portions. Thereby, leakage of the air for air-cushion can
be reliably prevented and the leakage amount of the air
for air-cushion does not vary even during sliding of the
trough.
[0038] When the sliding structure having the seal
mechanism or the labyrinth seal mechanism is provided
in multiple stages in the longitudinal direction of the
troughs, the sliding amount of the trough can be in-
creased. This makes it possible to absorb a large sliding
amount occurring in the conveyor having a long carrying
path.
[0039] In the above configuration, a guide plate may
be provided at the connecting portion between the
troughs, for guiding movement of the trough, and may
be provided with an air-supply chamber for supplying air
for air-cushion and an air-supply hole through which a
gap for permitting sliding communicates with the air-
supply chamber. This makes it possible that the air for
air-cushion can be sufficiently ensured at the connecting
portion between the troughs, and the corresponding belt
portion stably floats.
[0040] The guide plate is fixed to one of the troughs,
and the other trough is slidably engaged with the guide
plate through an elongated hole or a large-diameter hole
provided in the guide plate. This enables smooth sliding
of the trough.
[0041] According to the present invention, there is
provided a device for removing residues adhering to belt
side portions on a return side of a conveyor belt, char-
acterized in that cutwater rollers or scrapers are adapted
to be pressed against the belt side portions to be bent
toward an opposite direction to bending of the belt de-
formed by the bending on a forward side of the conveyor
belt.
[0042] By removing the residues only at the belt side
portions independently, the removal of the residues can
be effectively accomplished without being affected by
the deformation of the belt by bending and reduction of
the pressing force. In addition, since the cutwater and
scraping at the belt side portions in the width direction
can be reliably performed, dropping water or powder re-
ceivers (hereinafter referred to as "water receivers") are
installed only at the center portion of the belt in the width
direction under the conveyor.
[0043] By arranging the cutwater rollers and the
scrapers along a direction in which the belt moves, the
removal of the residues at the belt side portions can be
reliably performed.
[0044] When the belt on the return side has trough
shape, the cutwater rollers or scrapers are adapted to
be pressed against the belt side portions for pushing the
belt side portions inwardly more than the trough shape
to cause the belt side portions to be greatly bent. There-
by, the removal of the resides on the belt side portions

can be effectively performed without reduction of the
pressing force.
[0045] In this case, by arranging the cutwater rollers
and the scrapers along the direction in which the belt
moves, the removal of the residues at the belt side por-
tions can be more reliably performed.
[0046] In the above configuration, water receivers are
provided at a center portion of the belt over an entire
conveyor. This achieves a simplified apparatus in a nar-
row space. Also, by providing straight-line shaped press
rollers or belt cleaners in a width direction of the belt so
as to be located downstream of the cutwater rollers or
the scrapers in the direction in which the belt moves, the
residues adhering to the center portion of the belt can
be also removed, so that the residue removing capability
is exhibited over the entire width of the belt.
[0047] According to the present invention, there is
provided a guide member for a loading device, the guide
member being placed at a lower end of a shoot provided
above a carrying path of a conveyor and adapted to
guide products onto a belt, the guide member compris-
ing: a bottom plate provided as being inclined down-
wardly and forwardly and having a width decreasing to-
ward its front, and side plates provided along both sides
of the bottom plate.
[0048] According to the guide member, most of the
products are loaded on the carrying path such as the
belt from a front edge of the bottom plate having small
width. Therefore, most of the products are gathered to
the center portion in the width direction of the belt and
evenly distributed in the lateral direction from the center
portion as a crest of mountain. It should be appreciated
that the guide member is located at the lower end of the
shoot, although this may be installed at the lower end.
[0049] In the guide member, the both side plates ex-
tend outwardly and upwardly. Thereby, even the prod-
ucts dropping through the inside of the shoot in a dis-
persed state, are gathered naturally to the center portion
by the both side plates.
[0050] The bottom plate and the side plates are con-
tinuously and integrally curved with a circular-arc-
shaped horizontal cross-section having an average cur-
vature increasing toward a carrying path face. This con-
figuration is applicable to shoots of a circular cross-sec-
tion or of an elliptical cross-section.
[0051] According to the present invention, there is
provided a loading device for a belt conveyor, the load-
ing device being adapted to load products on a carrying
path of a conveyor, comprising: a shoot constituting a
path through which the products drop; and one of the
above-mentioned guide members provided to be locat-
ed at a lower end of the shoot.
[0052] The loading device provides function and ef-
fects of the guide member of the present invention.
[0053] The both side plates of the guide member are
mounted to a rear portion of both sides of an opening
formed at the lower end of the shoot. Thereby, in addi-
tion to a front opening of the guide member, a front por-
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tion of the opening in the lower end of the shoot serves
as an exit of the products from the shoot. Therefore, the
shoot does not get clogged even when a great many
products are dropping.
[0054] Also, a plurality of guide members are provided
along a front and rear direction of the opening formed
at the lower end of the shoot. Even when a great many
products are dropping or the products are dropping
through the inside of the shoot in a dispersed state, they
are gathered naturally to the center portion of the carry-
ing path by all the guide members.
[0055] The guide member is movably provided along
the front and rear direction of the opening formed at the
lower end of the shoot and is adapted to be fixed at a
desired position. This allows the guide member to be
adjustably positioned in the front and rear direction.
Therefore, the guide member can be installed at the po-
sition where many of the products being dispersed and
dropping through the inside of the shoot are gathered
or many of the products dropping through the inside are
gathered depending on an operation state.
[0056] According to the present invention, there is
provided a conveyor comprising: a long carrying path
moving with products loaded thereon; and one of the
above-mentioned loading devices, provided above the
carrying path, for loading the products on the carrying
path.
[0057] In accordance with the conveyor, the snaking
of the carrying path can be provided without a need to
provide a complex mechanism such as a snaking de-
tector of the belt or a pivoting device of the shoot, unlike
the conventional conveyor.
[0058] In the conveyor, skirt members are vertically
provided on both right and left sides of the carrying path
over a front and rear range in which the loading device
is located, and an upper end of the guide member is
located below upper ends of the skirt members. This
prevents lateral dropping of the products can be pre-
vented. Also, the guide member can be mounted to the
skirts.
[0059] As defined herein, "forward" in Claims refers
to the direction in which the belt moves and "rearward"
in Claims refers to its opposite direction.
[0060] According to the present invention, there is
provided a belt conveyor comprising: troughs; a belt
moving above the troughs along a longitudinal direction
of the troughs; and belt bending members provided up-
stream of an entrance of the troughs such that the mem-
bers are placed outside on both sides in a width direction
of the belt, wherein the belt bending members are adapt-
ed to abut with both side portions of the belt to be up-
wardly bent (including bending toward the center of the
belt in the width direction).
[0061] In accordance with the belt conveyor, since the
both side portions of the belt are temporarily upwardly
bent, these side portions of the belt are deformed by up-
ward bending. That is, even after the belt shape is re-
stored after the bending is released, the belt is easily

bent upwardly. In other words, the belt has resistance
force to upward bending less than that of an unbent belt.
As a result, when the belt moves up onto the belt and
the both side portions of the belt make contact with the
trough, the friction resistance to the movement of the
belt from the trough is reduced and a power of a driving
source can be lessened. Thereby, equipment cost and
operation cost can be reduced and the life of the belt
can be prolonged.
[0062] As defined herein, based on the movement of
the belt, "upstream" in Claims refers to an opposite side
of downstream toward which the belt moves.
[0063] It is preferable that in the above belt conveyor,
the belt bending member is adapted to move along a
longitudinal direction of the belt so as to be close to or
away from an entrance of the troughs and to be fixed at
a desired position for the reason described below. Spe-
cifically, the circulating belt is bent and then the shape
of the bent portion is gradually restored. It is preferable
that when the belt moves up onto the trough, the belt is
restored to substantially conform in shape to the cross-
section of the trough. In accordance with the above con-
stitution, for achieving desirable restoration at the en-
trance of the trough, the set position of the belt bending
member can be adjusted at a proper distance from the
entrance of the trough.
[0064] It is preferable that the belt bending member
of the belt conveyor is comprised of rollers provided so
as to be rotated by side portions of the moving belt, be-
cause resistance to the circulating belt is less.
[0065] It is preferable that the belt bending member
of the conveyor belt is comprised of sliding members
with which side portions of the moving belt are in sliding
contact. This is because resistance to the belt is less
similarly to the rollers, and maintenance becomes easy.
[0066] It is preferable that the belt conveyor further
comprises first reactive force detectors for detecting a
reactive force exerted by the belt with which the belt
bending members abut. This is because the bending de-
gree of minimizing moving resistance of the belt exerted
by the trough and the reactive force from the belt can
be detected and managed as parameters.
[0067] In the belt conveyor comprising second reac-
tive force detectors provided independently of and apart
from the belt bending members, for detecting a reactive
force exerted by the belt in a state in which the belt bend-
ing members are in contact with the side portions of the
belt, the bending degree of minimizing the moving re-
sistance of the belt exerted by the trough can be known
as well.
[0068] It is preferable that in the belt conveyor, the belt
bending member is adapted to be displaced and fixed
at a desired position to cause the side portions of the
belt to be bent or the bent belt to be restored. This is
because by displacing the belt bending member toward
the above direction, desirable bending degree of the
side portion of the belt can be selected. The desirable
bending degree is bending which causes deformation
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minimizing resistance exerted by the trough.
[0069] It is preferable that the belt conveyor further
comprises displacing devices for displacing the belt
bending members to cause the side portions of the belt
to be bent or the bent belt to be restored, wherein the
displacing device is adapted to fix the belt bending mem-
ber at a displaced desired position. Conveniently, the
operation of the displacing devices eliminates the need
for an operator to cause the belt bending member to
move and fix the same according to displacement de-
gree. The displacing device includes, an air cylinder, a
hydraulic cylinder, a servo motor, ball screws, etc.
[0070] It is preferable that the belt conveyor compris-
es one of the first reactive force detectors and the sec-
ond reactive force detectors, and the above-mentioned
displacing devices, wherein the displacing device is
adapted to displace the belt bending member according
to a reactive force value detected by the one of the re-
active force detectors, because effective bending can
be automatically given to the belt.
[0071] According to the present invention, there is
provided an air-cushion belt conveyor comprising:
troughs; a belt caused to float above the troughs and
move along a longitudinal direction of the troughs; and
first support members provided outside of the troughs
to support the belt from below, wherein a plurality of first
support members are arranged as being spaced apart
from each other along a longitudinal direction of the belt,
each of the first support members comprises a plurality
of support elements arranged in a width direction of the
belt, and at least adjacent first support members are
configured such that gaps between support elements
are arranged so as not to be on straight lines as seen
from the longitudinal direction of the belt.
[0072] In accordance with the belt conveyor, since the
deformation of the belt by bending is unbent by the sup-
port member placed adjacently, influence of deforma-
tion by bending can be substantially eliminated and oc-
currence of corners of the belt being floated up can be
suppressed.
[0073] It is preferable that in the belt conveyor, gaps
between support elements in one first support member
of all the first support members are arranged so as not
to be on the same straight lines as gaps between sup-
port elements in the other first support members. There-
by, the deformation by bending is further reduced and
points of the deformation by bending in the width direc-
tion of the belt are increased, so that comers are not
formed in the belt.
[0074] It is preferable that the support elements are
comprised of rollers attached rotatably around an axis
in a width direction of the belt, because the resistance
to the circulating belt is less.
[0075] It is preferable that the support elements are
comprised of sliding members, because maintenance
becomes easy because of absence of moving parts.
[0076] Or, one part of the support elements constitut-
ing all the first support members may be comprised of

the rollers and the other part may be comprised of sliding
members. That is, the rollers and the sliding members
may coexist in the entire first support member. The roll-
ers and the sliding members may be arranged at desired
positions.
[0077] According to the present invention, there is
provided an air-cushion belt conveyor comprising:
troughs; a belt caused to float above the troughs and
move along a longitudinal direction of the troughs; and
second support members provided outside of the
troughs to support the belt from below, wherein the sec-
ond support members are comprised of sliding mem-
bers extending continuously along a width direction of
the belt.
[0078] In accordance with the belt conveyor, the de-
formation of the belt by bending can be prevented be-
cause of absence of the gaps.
[0079] In the belt conveyor, a plurality of second sup-
port members may be arranged as being spaced apart
from each other along the longitudinal direction of the
belt.
[0080] The air-cushion belt conveyor having the sec-
ond support members may further comprise first support
members provided outside of the troughs, for supporting
the belt from below, the first support members being
comprised of a plurality of support elements arranged
in the width direction of the belt. Thereby, the deforma-
tion of the belt by bending can be effectively prevented.
[0081] In the air-cushion belt conveyor having the
second support members, in which one of the second
support members is provided in contact with an end por-
tion of the trough, the second support member provides
function for closing a space between the trough and the
belt, escape of a compressed gas in this space can be
suppressed. As a result, effective belt flotation can be
obtained.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0082]

Fig. 1 is a side view showing an entrance-side pul-
ley according to an embodiment of a belt conveyor
of the present invention and its vicinity;
Fig. 2(a) is a cross-sectional view taken along line
IIA - IIA in Fig. 1 and Fig. 2(b) is a plan view of Fig.
2(a);
Fig. 3 is a perspective view showing a mechanism
for moving an abutting roller and a reactive force
detector in the belt conveyor in Fig. 1;
Fig. 4 is a side view showing another embodiment
of the belt conveyor of the present invention;
Fig. 5(a) is a perspective view showing another ex-
ample of a belt bending member in the belt convey-
or in Fig. 1 and Fig. 5(b) is a partially cutaway per-
spective view showing another example of the belt
bending member;
Fig. 6 is a view showing a principle according to the
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present invention for improving a residue removing
capability at belt side portions;
Fig. 7 is a view showing another principle according
to the present invention for improving the residue
removing capability at the belt side portions;
Fig. 8(a) is a front view showing a state in which the
belt side portions are bent further inwardly by cut-
water rollers than the conventional belt portion in
trough shape when a return belt has trough shape,
and Fig. 8(b) is a side view;
Fig. 9 is a front view showing a state in which the
belt side portions are further inwardly bent by scrap-
ers;
Fig. 10 is a side view showing an end portion of an
air-cushion belt conveyor to which the present in-
vention is applied;
Fig. 11 is a perspective view showing main part of
a residue removing means according to the present
invention which is installed on the air-cushion belt
conveyor;
Fig. 12 is a front view showing the residue removing
means in Fig. 11;
Fig. 13 is a plan view showing the residue removing
means in Fig. 11;
Fig. 14 is a plan view in the direction of arrows taken
along line XIV - XIV in Fig. 1;
Fig. 15(a) is a cross-sectional view taken along line
XVA -XVA in Fig. 14 and Fig. 15(b) is a cross-sec-
tional view taken along line XVB - XVB in Fig. 14;
Fig. 16 is a plan view showing main part of another
embodiment of the belt conveyor of the present in-
vention;
Fig. 17(a) is a plan view showing main part accord-
ing to another embodiment of the belt conveyor of
the present invention, Fig. 17(b) is a cross-sectional
view taken along line XVIIB - XVIIB in Fig. 17(a),
and Fig. 17(c) is a view taken in the direction of ar-
rows along line XVIIC - XVIIC in Fig. 17(a);
Fig. 18(a) is a plan view showing main part accord-
ing to another embodiment of the belt conveyor of
the present invention, Fig. 18(b) is a cross-sectional
view taken along line XVIIIB - XVIIIB in Fig. 18(a),
Fig. 18(c) is a cross-sectional view taken in the di-
rection of arrows along line XVIIIC - XVIIIC in Fig.
18(a), and Fig. 18(d) is a view taken in the direction
of arrows XVIIID - XVIIID in Fig. 18(a);
Fig. 19(a) is a plan view showing main part accord-
ing to another embodiment of the belt conveyor of
the present invention, and Fig. 19(b) is a partially
broken cross-sectional view taken in the direction
along line XIXB - XIXB in Fig. 19(a);
Fig. 20 is a schematic view showing an example of
the air-cushion conveyor to which the present in-
vention is applied;
Fig. 21(a) is a plan view of a connecting portion of
a sliding structure including a labyrinth seal struc-
ture of the present invention, Fig. 21(b) is a longitu-
dinal sectional view showing a portion where an air-

supply chamber is located, and Fig. 21(c) is a side
cross-sectional view;
Fig. 22(a) is a side cross-sectional view showing a
state in which the air-supply chamber is provided in
a guide plate, and Fig. 22(b) is a rear view thereof;
Fig. 23(a) is a cross-sectional view showing an ex-
ample of a stud bolt in a state in which a trough and
a guide plate are slidably engaged through an elon-
gated hole or the like, and Fig. 23(b) is a cross-sec-
tional view showing main part showing an example
of a flush bolt;
Fig. 24(a) is a side cross-sectional view showing an
example in which the connecting portion of the slid-
ing structure having the labyrinth mechanism is set
in multi stages for increasing a sliding amount of the
trough and Fig. 24(b) is a rear view thereof;
Fig. 25 is a perspective view showing a guide mem-
ber in Fig. 1;
Fig. 26(a) is a side view showing a state in which
products are traveling through a loading device in
Fig. 1, Fig. 26(b) is a cross-sectional view taken
along line XXVIB - XXVIB in Fig. 26(a), showing an
inside of a shoot, Fig. 26(c) is a cross-sectional view
taken along line XXVIC - XXVIC, showing an inside
of the guide member, and Fig. 26(d) is a cross-sec-
tional view taken along line XXVID - XXVID, show-
ing above of the belt;
Fig. 27(a) is a front view showing another embodi-
ment of the loading device of the present invention,
Fig. 27(b) is a plan view thereof, and Fig. 27(c) is a
side view thereof;
Fig. 28 is a side view showing another embodiment
of the loading device of the present invention;
Fig. 29 is a perspective view showing another em-
bodiment of the loading device of the present inven-
tion;
Fig. 30 is a side view showing an example of the
conventional belt conveyor;
Fig. 31(a) is a cross-sectional view taken along line
XXXIA - XXXIA in Fig. 30 and Fig. 31(b) is a cross-
sectional view taken along line XXXIB - XXXIB in
Fig. 30;
Fig. 32(a) is a view taken in the direction of arrows
along line XXXIIA - XXXIIA in Fig. 30, Fig. 32(b) is
a view taken in the direction of arrows along line
XXXIIB - XXXIIB in Fig. 30, and Fig. 32(c) is a cross-
sectional view schematically showing a state of the
belt on the troughs; and
Fig. 33(a) is a plan view showing an example of a
connecting portion between the conventional
troughs, Fig. 33(b) is a longitudinal sectional view
thereof, and Fig. 33(c) is a side cross-sectional view
thereof.

[Best Mode for Carrying Out the Invention]

[0083] Hereinafter, an embodiment of a belt conveyor
and its associated equipment of the present invention
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will be described with reference to the accompanying
drawings.
[0084] A belt conveyor 1 shown in Figs. 1 and 2 has
an entire configuration similar to that of the conventional
air-cushion belt conveyor 201 shown in Figs. 30 and 31.
There is also provided an air-supply hole and an air-sup-
ply device for injecting compressed air between a con-
veyor belt (hereinafter simply referred to as a belt) and
a trough 5 through the air-supply hole, although these
are not shown. A first difference between the belt con-
veyor 1 and the conventional belt conveyor 201 is that
a belt bending member 12 and a reactive force detector
are provided on outside of each of both sides of the belt
2 in the width direction, between an entrance-side end
pulley 3 and an entrance 5a of the troughs 5. A second
difference is that a removing mechanism for removing
residues adhering to the belt is provided on a return side
of the belt. A third difference is a structure of a support
member train (for example, roller train or slide member
train) as a first support member, and a structure of a
support slide member as a second support member. A
fourth difference is a mechanism of a connecting portion
between troughs. A fifth difference is that guide mem-
bers 103, 115 for the products are provided at a position
of a lower end of a shoot 8. Shoots 8, 102, 114 and the
guide members 103, 115 constitute loading devices
101, 111, 113. Therefore, the same components as
those of the belt conveyor 201 in Figs. 30 and 31 and
the corresponding functions will not be further de-
scribed.
[0085] The belt bending members 12 are adapted to
press both side portions of the belt 2 to be inwardly (up-
wardly) bent, thereby giving deformation by bending to
the belt 2. The deformation by bending of the belt 2 is
that once the belt is bent toward a direction, a resistive
force to bending toward the same direction is reduced
even after the belt 2 is restored to its initial shape (in
general, flat). On the other hand, when the belt 2 is bent
toward the opposite direction to the direction in which
the belt is initially bent, the resistive force is increased.
This characteristic is believed to be attributed to visco-
elasticity of rubber as a material of the belt 2.
[0086] If the both side portions of the belt 2 are tem-
porarily inwardly bent before the belt 2 enters the trough
5, utilizing this characteristic, then resistive force of the
both side portions of the belt 2 in contact with the trough
5 with respect to inward bending is reduced even after
its shape is restored, so that the belt 2 is easily bent
inwardly. As a result, by action of the compressed air
between the trough 5 and the belt 2 as well as the above
characteristic, the friction resistance to the movement
of the belt 2 is reduced, and a power of a drive source
is lessened. This leads to reduced equipment cost and
operation cost. Also, the life of the belt 2 can be pro-
longed.
[0087] The belt bending members 12 shown in Figs.
1 and 2 are each constituted by an abutting roller 13
which abuts with a side of the belt 2. The abutting roller

13 is rotatably attached to a lever 14a of a known lever
type load cell (hereinafter simply referred to as a load
cell) 14 as a first reactive force detector. The load cell
14 is mounted to a mounting bracket 15. Guide rails 16
are installed in the width direction of the belt. The brack-
et 15 is engaged with the guide rail 16 so as to be mov-
able close to or away from the side portion of the belt 2.
The guide rails 16 are each provided with an air cylinder
17 as a displacing device in the vicinity of an outer end
thereof as an end portion on the opposite side of the
belt, and a tip end of a piston rod 17a of the air cylinder
17 is fixed to the bracket 15. The air cylinder 17 causes
the bracket 15, and consequently, the abutting roller 13
to move close to or away from the side portion of the
belt 2. The air cylinder may be replaced by a hydraulic
cylinder, or otherwise a servo motor and ball screws or
the like. Although the guide rails 16 are installed under
the forward belt 2a, they are not intended to be limited
to this configuration, but may be installed above the belt,
i.e., on a ceiling side, and the bracket may be movably
suspended.
[0088] In accordance with this configuration, the air
cylinder 17 causes the abutting roller 13 to advance to
thereby press the side portion of the belt 2 to be inwardly
bent. In this case, the pressing force can be adjusted or
released by advancement/retraction of the roller 13.
When the abutting roller 13 presses the side portion of
the belt 2 to be bent, the load cell 14 detects a reactive
force exerted by the belt.
[0089] A control device 19 is connected to an air-sup-
ply source 18 of the load cell 14 and the air cylinder 17.
According to a reactive force value detected by the load
cell 14, the control device 19 controls the amount of
compressed air to be supplied to the air cylinder 17,
thereby adjusting the pressing force to the belt 2 by the
butting roller 13. This configuration allows the pressing
force to the belt by the abutting roller 13 to be automat-
ically adjusted to be in a predetermined proper pressing
force range. The proper pressing force range can be
known when test operation of the belt conveyor 1 is car-
ried out. One standard is a driving force (power con-
sumption or the like of the driving source) for circulating
the belt.
[0090] In the above embodiments, the air cylinder 17
is used to cause the abutting roller 13 to move in straight
line so that the pressing force to the belt by the abutting
roller 13 is changed, but this configuration is only illus-
trative.
[0091] For example, the load cell 14 is rotatably
mounted to the bracket 15. Then, a body of the load cell
14 is rotated to be fixed at a desired angle of the lever
14a around the body. To be specific, a cylindrical clamp
which is not shown is fixed to the bracket 15, and the
body of the load cell is inserted into the clamp, to be
clamped and fixed. In order to rotatably displace the load
cell, the clamp is loosened. This can vary bending
amount, although the direction toward which the side
portion of the belt is bent is varied. Alternatively, the ro-
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tational displacement and the straight-line displacement
may be combined.
[0092] As shown in Figs. 1 and 3, from a vicinity of the
entrance-side pulley 3 to a vicinity of the entrance 5a of
the trough on both sides of the belt conveyor 1, rails 20
are installed in parallel with the longitudinal direction of
the belt 2. The rails 20 may be provided on an inner sur-
face, an outer surface or the like of the duct 10. The
guide rails 16 are movably engaged with the rails 20 and
fixed at a desired position on the rails 20. Therefore, the
abutting rollers 13 are capable of pressing the side por-
tions of the belt to be bent at a desired position in a range
from the vicinity of the entrance-side pulley 3 to the en-
trance 5a of the trough. The movement of the guide rails
16 is achieved by rotating ball screws which are not
shown by using a motor which is not shown, or otherwise
by an operator. When the guide rail 16 moves, the air
cylinder 17 causes the abutting roller 13 to retract under
control of the control device 19. Thereafter, under con-
trol of the control device 19, the ball screw rotates to
cause the guide rail 16 to move. The guide rails 16 are
placed so as not to interfere with the upper support roller
trains 6, i.e., below or outside of the upper support roller
trains 6.
[0093] The circulating belt 2 is bent by the abutting
rollers 13 and thereafter, the shape of the bent portion
is gradually restored. It is desirable that when the belt 2
enters the trough 5, the shape be restored so as to sub-
stantially conform to a curvature of a circular-arc cross-
section of the trough 5. In accordance with the configu-
ration, the set position of the abutting rollers 13 can be
adjusted to be properly distant from the entrance 5a of
the trough to achieve desirable restoration at the en-
trance 5a of the trough. The proper distance can be
known when the test operation of the belt conveyor 1 is
carried out. One standard is a driving force (power con-
sumption or the like of the driving source) for circulating
the belt.
[0094] In the above embodiment, the load cell 14 as
the first reactive force detector is provided to function
through the abutting roller 13. But, the present invention
is not limited to this configuration. For example, the abut-
ting roller 13 may be rotatably mounted to the mounting
bracket without the load cell 14 and second reactive
force detectors may be provided to abut with side por-
tions of the belt at another position.
[0095] Fig. 4 shows such a belt conveyor 21. In the
belt conveyor 21, load cells 22 as the second reactive
force detectors are provided in the vicinity of an exit 5b
of the trough so as to be in contact with the belt 2 exiting
from the exit 5b. That is, the load cells 22 are provided
independently of the abutting rollers 13.
[0096] And, the control device 19 (Fig. 2(a)) connect-
ed to the air-supply source 18 of the load cell 22 and the
air cylinder 17 is adapted to control the amount of com-
pressed air to be supplied to the air cylinder 17 accord-
ing to the reactive force value detected by the load cell
22, thereby adjusting the pressing force to the belt 2 by

the abutting roller 13. The resistance force to bending
of the belt 2 at the exit 5b of the trough is fed back to
allow the pressing force to the belt by the abutting roller
to be automatically adjusted to be in a proper pressing
force range. The proper pressing force range can be
known when the test operation of the belt conveyor 1 is
carried out. One standard is a driving force (power con-
sumption or the like of the driving source) for circulating
the belt.
[0097] The mounting position of the load cells 22 as
the second reactive force detectors is not limited to the
vicinity of the exit of the trough 5. For example, the load
cells 22 may be mounted in the vicinity of the entrance
5a of the trough. In brief, the load cells 22 are provided
so as to abut with the belt 2 independently of the abutting
rollers 13.
[0098] While in the above embodiment, the rotatable
rollers are used as the belt bending members, the bend-
ing members are not limited to the rollers in the present
invention. For example, a sliding member made of syn-
thetic resin or the like that has low friction coefficient and
wear resistance, such as super-polymer polyethylene
may be used. The shape of the sliding member can be
selected from various shapes. For example, as shown
in Fig. 5(a), a cylindrically molded sliding member 23
may be used. As shown in Fig. 5(a), the cylindrical slid-
ing member 23 is mounted such that upper and lower
ends thereof are removably attached to a U-shaped
holder 24 by means of a bolt 25 or the like, and approx-
imately at a right angle with respect to the side portion
of the belt. Or, another known method may be em-
ployed. Alternatively, as shown in Fig. 5(b), a partially
cylindrical sliding member 27 may be mounted so as to
conform to a belt-side face of a partially cylindrical
bracket 26 made of metal or synthetic resin. It is prefer-
able to use a flush screw 28 when mounting the sliding
member 27 to the bracket 26, because a head of the
screw is not exposed from the sliding member 27.
[0099] In the above embodiment, the belt bending
members and the reactive force detectors are provided
for the forward belt, i.e., the upper belt moving to the left
in Fig. 1. Alternatively, they may be provided for the re-
turn belt, i.e., the lower belt moving to the right in Fig. 1.
This is because if the troughs are provided for the return
belt, then the friction resistance to the belt is effectively
reduced by providing the belt bending members and the
reactive force detectors.
[0100] Figs. 6 and 7 show principles according to the
present invention, for improving residue removing capa-
bility at belt side portions. In these Figures, part of the
return-side belt is partially shown.
[0101] Fig. 6 shows that cutwater rollers 30 are adapt-
ed to press against side portions 2c of the belt 2 on the
return side of the belt 2. The cutwater roller 30 is pro-
vided to push up the side portion 2c of the belt by a con-
stant pressing force such that its axis 32 is directed ob-
liquely, i.e., in the direction orthogonal to the direction in
which the belt moves as seen in a plan view (direction
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orthogonal to a cutaway surface of the Figure). The cut-
water roller 30 is rotatable around the axis 32 with move-
ment of the belt 2 in contact with the cutwater roller 30.
[0102] The cutwater roller 30 presses against the side
portion 2c of the belt to be supported in a bent state.
The side portion 2c of the belt is bent toward the oppo-
site direction to the direction toward which the center
portion of the outward (forward) belt is bent and de-
formed in U-shape because the forward belt is support-
ed in the configuration of trough. By bending the belt
toward the opposite side, the cutwater rollers 30 can be
reliably pressed against the side portion 2c of the belt
without a decrease in the pressing force, and scraping
of the residues adhering to the side portion 2c of the belt
is facilitated. The scraped and dropping products or wa-
ter is up onto a dropping or powder receiver (water re-
ceiver) 36.
[0103] Fig. 7 shows that the cutwater rollers 30 are
replaced by cleaners 34 provided at both side portions
of the belt 2. The cleaners 34 are each configured such
that a plate-shaped scraper 35 is attached to an upper
end portion of a holding member 33. The scraper 35 is
pushed up against the belt 2 from below, thereby allow-
ing the side portion 2c of the belt to be bent toward the
opposite direction to the deformation by bending as de-
scribed above.
[0104] Only the cutwater rollers 30 or the scrapers 34
may be provided, or the cutwater rollers 30 and the
scarpers 34 may be arranged along the direction in
which the belt moves, so that the residues adhering to
the side portion 2c of the belt can be effectively re-
moved.
[0105] In the above example, the return belt is flat. As
shown in Figs. 8(a) and 8(b), when the return belt 2 has
trough shape, the side portion 2c of the belt is inwardly
bent more than that of normal trough shape (shape hav-
ing a certain curvature radius as indicated by an imagi-
nary line in Fig. 8(a)) so as to be greatly bent as having
an inflection point 50 in the vicinity of the side portion 2c
of the belt. By greatly bending the belt in trough shape,
the residues adhering to the belt side portions can be
effectively removed without a decrease in the pressing
force.
[0106] Even when the return belt has trough shape,
the cutwater rollers 30 or the scrapers 34 (see Fig. 9)
may be independently provided, or the cutwater rollers
30 and the scrapers 34 may be arranged along the di-
rection in which the belt moves, so that the residues ad-
hering to the belt side portions can be effectively re-
moved.
[0107] In the above case, since the cutwater and
scraping at the belt side portions in the width direction
can be reliably carried out, water receivers 36 provided
on the lower side of the conveyor may be installed only
at the center portion of the belt width over the entire con-
veyor.
[0108] Subsequently, an example of the air-cushion
belt conveyor to which the present invention is applied

will be described.
[0109] Fig. 10 is a side view showing an end portion
of the air-cushion belt conveyor. The conveyor is con-
figured such that the belt 2 curved in trough shape is
floating due to an air pressure and moving inside a duct
10. The belt 2 passes through an inside of the duct 10
and is suspended in an endless state at both end por-
tions through end pulleys 3, 4. The belt 2 moves around
the end pulley 3, through a guide pulley 37, and through
tension pulleys 38, 39 provided in opposition for guiding
the belt in U-shape and a tension pulley 41 including a
counter weight 40 provided between these pulleys 38,
39, and then returns to the inside of the duct 10.
[0110] In the vicinity of a portion of the belt 2 inverted
at a circulating end portion of the end pulley 3, two belt
cleaners 42 having plate-shaped scraper portions are
provided for removing residues adhering to the belt 2.
Between the guide pulley 37 and the tension pulley 38,
a water washing nozzle 43, a scraper (belt cleaner) 44,
a press roller 45 for pressing the belt 2 from above, a
press roller 46 for pressing the belt 2 from below, a press
roller 47 for pressing the belt 2 from above, and a scrap-
er (belt cleaner) 48 are arranged in this order. Thereby,
after inversion, the cleaners 42 scrape the residues ad-
hering to the belt 2, and thereafter, the residues adher-
ing to the belt 2 are washed away and the residues in
an solidified state are fluidized by the water washing
nozzle 43 and scraped by the following scraper 44. The
belt 2 is water-cut and dehydrated while snaking through
the three press rollers 45 - 47, and the residues pressed
and thereby layered between the rollers and the belt are
scraped by the following scraper 48.
[0111] Since the press rollers 45 - 47 are the conven-
tional straight-line shaped rollers extending in the width
direction of the belt 2, they might be insufficient to re-
move the residues at the belt side portions. Accordingly,
downstream of these rollers and before the duct 10 into
which the belt 2 in trough shape moves, the residue re-
moving means for the belt side portions is provided as
described below.
[0112] Fig. 11 is a perspective view showing main part
of the residue removing means. Fig. 12 is a front view.
Fig. 13 is a plan view. The residue removing means is
based on the above-mentioned principle in Fig. 8. The
residue removing means is constituted by cutwater roll-
ers 31 provided on both side walls of a casing 49, and
is installed in the state in which the belt side portions 2
are greatly curved so as to have the inflection points 50.
Specifically, a pair of mounting brackets 51 are provided
in opposition on both side walls of the casing 49, and
are each provided with a U-shaped member 53 through
an extended plate 52. Between horizontal plates 53a
constituting the U-shaped member 53 and vertically op-
posed to each other, a shaft 54 is provided. A cutwater
roller 31 is rotatably provided on the shaft 54. The ex-
tended shaft 52 bolted to a back-surface side of a ver-
tical plate 53b constituting the U-shaped member 53 ex-
tends toward the direction of the side wall of the casing

19 20



EP 1 403 195 A1

12

5

10

15

20

25

30

35

40

45

50

55

49. The extended plate 52 is provided with horizontally
elongated holes 55 in the vertical direction. The extend-
ed plate 52 is fixed to the mounting bracket 51 through
the elongated holes 55 by means of bolts and nuts 56.
Since the elongated holes 55 are horizontally long, the
fixing position of the extended plate 52 is horizontally
displaced by loosening the nuts, thereby causing the
cutwater roller 31 to be movable close to or away from
the belt. Thereby, a stable pressing force to the side por-
tion 2c of the belt is obtained and the pressing force can
be suitably adjusted. Besides, since the belt is curved
by bending in the opposite direction to bending of the
curved forward belt, the scraping of the residues adher-
ing to the belt side portions can be facilitated and reliably
conducted.
[0113] Fig. 14 is a plan view in the direction of arrows
taken along line XIV - XIV in Fig. 1. Fig. 15(a) is a cross-
sectional view taken along line XVA -XVA in Fig. 14 and
Fig. 15(b) is a cross-sectional view taken along line XVB
- XVB in Fig. 14.
[0114] From the entrance-side pulley 3 to the en-
trance 5a of the trough 5 (Fig. 1), plural support roller
trains 6, 60 are arranged as being spaced from each
other under the forward portion of the belt 2 (upper-
stage belt portion moving to the left in the Figure).
[0115] As shown in Figs. 14 and 15, the support roller
train 6 comprised of eight rollers 59 as support elements
arranged in the shape of circular-arc along the width di-
rection of the belt, and the support roller train 60 com-
prised of nine rollers 59 arranged in the shape of circu-
lar-arc along the width direction of the belt are alternate-
ly provided. All the support roller trains 6, 60 are com-
prised of the rollers 59 of the same configuration. The
support roller train 6 comprised of the eight rollers is con-
figured such that each set of four rollers 59 are arranged
at the same pitch on the left side and on the right side
with respect to the center of the belt in the width direc-
tion. The support roller train 60 comprised of nine rollers
is configured such that one roller 59 is placed at the cent-
er of the belt in the width direction, and each set of four
rollers 59 are arranged on the left side and on the right
side at the same pitch as the support roller train 6 com-
prised of eight rollers. This follows that between adja-
cent support rollers 6, 60, gaps G between the rollers
59 are arranged so as hot to be on straight lines as seen
from the longitudinal direction of the belt 2.
[0116] This reduces deformation of the belt by bend-
ing along the longitudinal direction of the belt. The
number of rollers of each support train is not intended
to be limited to eight or nine. The number of rollers may
be less than eight or more than nine. Nonetheless, it is
preferable that one train is comprised of more rollers 59,
because the deformation by bending is more relieved,
and the corresponding positions are increased.
[0117] The characteristic in which the gaps between
the rollers are arranged so as not to be on the straight
lines as seen from the longitudinal direction of the belt
2 is applicable to support roller trains on an exit side of

the trough 5, although this is not shown. This character-
istic is also applicable to the lower support roller trains
7 provided below the return portion (lower-stage belt
portion moving to the right in Fig. 1). When the return
portion of the belt 2 is flat and the support roller train is
comprised of flat rollers as shown in Fig. 31, the defor-
mation by bending need not be taken into account, but,
in some cases, troughs of circular-arc cross-section are
employed even on the return belt. In such cases, the
support roller trains 6, 60 may be employed.
[0118] In the above embodiment, the support roller
train of the same configuration is arranged every other
train, but the present invention is not limited to this. For
example, the support roller train of the same configura-
tion may be arranged every three or more trains. This
follows that the gaps between the rollers of three or more
roller trains are arranged so as not to be on straight lines.
In extreme cases, the gaps between rollers of all the
trains are arranged so as not to be on straight lines as
seen from the longitudinal direction of the belt.
[0119] For example, in a belt conveyor 61 shown in
Fig. 16, respective support roller trains 63 are config-
ured such that the rollers of the same shape equal in
number are shifted at the same pitch. However, all the
support roller trains 63 are shifted from one another in
the width direction of the belt 2 with respect to the center
point of the belt 2 in the width direction. Although it is
preferable that more rollers 59 are arranged in one sup-
port roller train 63, five rollers 4 are arranged in one sup-
port roller train 63 for easier understanding. Assuming
that six support roller trains are arranged in the state in
which each of the trains is comprised of five rollers each
having a length W of 220mm, the positions of the rollers
in adjacent support roller trains are shifted by d = 44mm
in the width direction of the belt 2.
[0120] In the above embodiment, to make difference
between the gaps G between the rollers, the number
and arrangement of the rollers of the same shape are
changed for each support roller train. But, the present
invention is not limited to this. The positions of the gaps
G are made different by changing the length W of the
rollers. Nevertheless, in view of manufacturing cost, it is
desirable to use the rollers of the same shape.
[0121] In a belt conveyor 62 in Fig. 17(a), the support
roller train as the first support member is replaced by a
support sliding member train 66 in which sliding mem-
bers 64 are arranged along the width direction of the belt
2 and a support sliding member train 67 in which another
sliding members 65 are arranged along the width direc-
tion of the belt 2. The sliding members 64, 65 are so-
called support elements, and are formed of synthetic
resin or the like with small friction coefficient and high
wear resistance, for example, super-polymer polyethyl-
ene. The material of the sliding members can be select-
ed from various kinds of materials.
[0122] For example, as shown in Figs. 17(a) and 17
(b), bar-shaped sliding members 64 extending in the
longitudinal direction of the belt 2 may be used. Fixing
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brackets 64a are provided on the sliding members 64.
As shown in Figs. 17(a) and 17(c), it is possible to use
cylindrical sliding members 65 with their center axes ex-
tending in the width direction of the belt 2. Alternatively,
the resin may be molded into the cylindrical sliding mem-
bers 65, or a resin layer may be formed on a surface of
a metal cylinder or the like. The bar-shaped sliding
members 64 are C-shaped in cross-section as shown in
the Figure. The bar-shaped sliding members 64 may be
manufactured by forming a resin layer on a surface of a
metal gutter of C-shaped cross-section. Alternatively,
the resin may be molded in the shape of bar. When these
sliding members 64, 65 are used, it is necessary that
the gaps G between the sliding members of at least ad-
jacent support sliding members be arranged so as not
to be on the straight lines as seen from the longitudinal
direction.
[0123] The bar-shaped sliding members 64 and the
cylindrical sliding members 65 may coexist in one sup-
port sliding member train, although this is not shown. In
that case, the cylindrical sliding members 65 are contin-
uously provided so as to conform to the length of one
bar-shaped sliding member 64 in the longitudinal direc-
tion of the belt. Further, these sliding members and the
support rollers may coexist. Moreover, the support roller
train and the support sliding member may coexist. In
brief, it is important that the gaps G between the sliding
members or the rollers be arranged so as not to be on
the straight lines as seen from the longitudinal direction
of the belt.
[0124] Fig. 18(a) shows that a belt conveyor 82 pro-
vided with support sliding members 68, 69 having dif-
ferent shapes as the second support members. As
shown in Figs. 18(a) and 18(b), one support sliding
member 68 is plate-shaped and extends in the shape of
circular-arc along the width direction of the belt 2 and
along the longitudinal direction of the belt 2. As shown
in Figs. 18(a) and 18(c), the other support sliding mem-
ber 69 is bar-shaped and extends in the shape of circu-
lar-arc in the width direction of the belt 2. The support
sliding members 68, 69 are each substantially C-shaped
in cross-section. That is, by downwardly curving the side
portion of the belt 2 in the lateral direction, the resistance
to the belt 2 can be reduced. The support sliding mem-
bers 68, 69 are provided with fixing brackets 68a, 69a
on their rear side, respectively. Fig. 18(d) is a view in the
direction of arrows taken along line VID -VID in Fig. 18
(a), and shows the bar-shaped support sliding member
69. As seen from this direction, the shape of the bar-
shaped support sliding member 69 is the same as that
of the plate-shaped support sliding members 66.
[0125] The support sliding members 68, 69 may co-
exist on one belt conveyor 82 as shown in the Figure,
but the present invention is not limited to this configura-
tion. For example, one of the support sliding members
68, 69 may be arranged to be spaced at prescribed in-
tervals. Since these support sliding members 68, 69
serve to support the belt continuously in the width direc-

tion of the belt 2, the deformation by bending does not
occur because of the absence of the gaps G.
[0126] Alternatively, as shown in Fig. 19, both of or
one of the two types of support sliding members 68, 69,
and part or all of the support roller trains 6, 60, 63 and
the sliding member trains 66, 67 may coexist along the
direction in which the belt moves. Such a configuration
serves to unbend the deformation of the belt by bending
which is caused by the support roller trains or the sliding
member trains. In this sense, it is preferable that the sup-
port sliding member is placed as the support member
closest to the entrance 5a of the trough 5. Further, both
of or one of the two types of support sliding members
68, 69 and the conventional support roller trains 206
(Fig. 30) may be combined.
[0127] The support sliding member, the support roller
train, or the like closest to the trough 5 may be placed
as spaced apart from the end portion of the trough 5.
Nonetheless, as shown in Fig. 19, it is preferable that
the support sliding member 68 (or 69) is placed in con-
tact with an entrance end of the trough 5. This can seal
a space R of compressed air between the belt 2 and the
trough 5 (see Fig. 19(b)) by the support sliding member
68, and therefore, the belt 2 can be floating well. To this
end, the support sliding member 68(or 69) may be
placed in contact with an exit end of the trough 5. It
should be appreciated that, to produce a satisfactory
seal effect, a curvature of cross-section of the support
sliding member 68 in contact with the entrance end of
the trough 5 is preferably set smaller than a curvature
in cross-section of the trough.
[0128] Fig. 20 is a perspective view showing an ex-
ample of the troughs 5 in the belt conveyor 1 in Fig. 1.
Inside the duct 10 of a circular pipe shape forming a long
carrying path, a curved forward trough 5 on a carrying
side is suspended in the diametric direction of the duct
10, and on an upper surface of the forward trough 5, the
forward belt 2a is provided. An air-supply chamber 71
is provided at the center of the lower portion of the for-
ward trough 5 in the carrying direction (longitudinal di-
rection of the trough). The forward trough 5 is provided
with air-supply holes 70 at even intervals so as to com-
municate with the sir-supply chamber 71.
[0129] Products are loaded on the forward belt 2a.
The forward belt 2a is caused to float and move above
the troughs 5 while forming an air layer between the
troughs 5 and the belt 2 by air for air-cushion ejected
through the air-supply holes 70 from the air-supply
chamber 71 and carries the products to target position.
The forward belt 2a turns back at a terminal portion of
the carrying path and becomes the return belt 20b,
which floats and moves along the inner surface of the
duct 10 below the forward trough 5 by the air for air-
cushion ejected through the air-supply holes (not
shown) from the air-supply chamber 72 under the duct
10.
[0130] A portion indicated by a solid line in Fig. 20 is
the forward trough 5. Since the forward trough 5 forming
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the carrying path is long, a plurality of troughs 5 are
joined in the longitudinal direction. A connecting portion
A connects the troughs 5 in such a manner that end fac-
es of the troughs 5 are butted with each other with little
gap, and a backing member 75 spanning over the end
faces of both troughs is provided on lower surfaces of
the troughs and fixed by means of bolts, nuts, and the
like as a fixing member.
[0131] A connecting portion B has a sliding structure
obtained by connecting the troughs with gaps 76 be-
tween these troughs so that one of the troughs 5 is sli-
dable along a guide plate 83. The sliding structure is
formed as a labyrinth seal mechanism L as mentioned
later.
[0132] Fig. 21 is a schematic view simply representing
the connecting portion B, in which Fig. 21(a) is a plan
view, Fig. 21(b) is a longitudinal sectional view at a por-
tion where the air-supply chamber 71 is provided, and
Fig. 21(c) is a side cross-sectional view.
[0133] As shown in Fig. 21(a), the center portion of
one trough 57a is formed to have a rectangular concave
portion 78 and the other trough 57b is formed to have a
rectangular convex portion 79 to be fitted in the concave
portion 78.
[0134] The adjacent troughs 57a, 57b are placed in
such a manner that the convex portion 79 of the other
trough 57b is inserted into the concave portion 78 of the
one trough 57a so that one of these troughs is slidable
along the longitudinal direction. The convex portion 79
is fitted in the concave portion 78 substantially to a half
depth, with the gaps 76 allowing for the required sliding
amount of the trough, and minute gaps 77a are each
formed between a side face 78a of the concave portion
78 and a side face 79a of the convex portion 79. There-
fore, in this state, a wide air passage (groove) 77b is
formed between a tip end face 79b of the convex portion
79 and a back end face 78b of the concave portion 78
(center portion). Also, wide air passages 77c perpendic-
ular to the minute gaps 77a are each formed between
a tip end face 78c of the one trough 57 having the con-
cave portion 78 and a face 79c of the other trough 57b
which is opposed to the tip end face 78c.
[0135] Under the troughs, a guide plate 83 which is
entirely substantially U-shaped is suspended between
the troughs 57a, 57b so as to cover these gaps 76, 82.
[0136] Therefore, the gaps 76 entirely communicate
with the wide air passage (groove) 77b at the center por-
tion and the minute gaps (minute air passage) 77a, and
with outer wide air passages 77c. From the entire struc-
ture of the gaps 76, this can be called a labyrinth groove
76. That is, the labyrinth seal mechanism L is formed.
The leakage of the air for air-cushion supplied from the
air-supply chamber 71 to the air passage (groove) 77b
at the center portion through the air-supply passage 70
is effectively suppressed by the minute gaps 77a. Since
the minute gap 77a is formed by the side face 78a of the
concave portion 78 and the side face 79a of the convex
portion 79, which are parallel to the direction in which

the trough slides, the cross-sectional area of the gap
70a does not substantially change irrespective of the
sliding of the trough, and hence, slight air leakage
amount does not change.
[0137] By locating the minute gaps 77a inwardly of the
belt end faces 2c, leakage of the air for air-cushion is
suppressed. That is, as shown in Fig. 21(b), the air for
air-cushion ejected from the air-supply holes 70 forms
the air layer between the trough 5 and the belt 2a, and
escapes from the minute gap between the upper surface
of the trough 5 and the belt end face 2c while floating
the belt 2a. So, by locating the minute gaps 77a slightly
inwardly of the belt end faces 2c in view of snaking
movement of the belt 2a, the leakage of the air can be
effectively prevented.
[0138] Figs. 22(a) and Fig. 22(b) are a side cross-sec-
tional view and a rear view in the case where the guide
plate 83 is also provided with the air-supply chambers
73. A U-shaped guide plate 83 is provided so as to close
the labyrinth groove 76 from the rear side of the trough
5, thus forming the labyrinth groove 76 as described
above.
[0139] The trough 57b on the right side in the Figure
is called a fixed side, i.e., the guide plate 83 and the
trough 57a are fixed by means of a fixing member such
as bolts and nuts. The left-side trough 57a is slidably
connected by means of the fixing member such as bolts
and nuts through elongated holes 86 provided in the
guide plate 83.
[0140] Specifically, as shown in Fig. 23(a), a stud bolt
85 is protruded from the lower surface of the trough 57a
by welding, and loosely fitted into an elongated hole 86
provided in the guide plate 83 (or large-diameter hole)
long in the direction in which the trough 57a moves, and
a nut 88 is screwed to the stud bolt 85 through a washer
87 spanning the elongated hole 86 (or large-diameter
hole).
[0141] Or, as shown in Fig, 23(b), a flush dent hole 89
is formed on the trough 57a side, a flush bolt 90 is fitted
into the hole 89, a head of the flush bolt 90 protrudes
from the elongated hole 86 (or large-diameter hole) pro-
vided in the guide plate 83, and a nut 88 is screwed to
the flush bolt 90 through the washer 87.
[0142] As shown in Fig. 22, an air-supply chamber 71
is provided under the trough 5. The guide plate 83 is
also provided with the air-supply chamber 73 and has
an air-supply hole 74 communicating with an air pas-
sage of the air-supply chamber 73. Between the air-sup-
ply chamber 71 of the trough 57b and the air-supply
chamber 73 of the guide plate 83, a hose or a pipe 84
is provided to allow these chambers to communicate
with each other. Thereby, the air for air-cushion is also
supplied to the air passage (groove) 76 of the connect-
ing portion between the troughs. This ensures stable
floatation of the belt at the connecting portion between
the troughs. Although it is preferable that the air-supply
chamber 73 of the guide plate 83 is connected to the
air-supply chamber 71 of the fixed trough 57b, this may
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be connected to the air-supply chamber 71 of the sliding
trough 57a by means of an extensible/compressive
hose.
[0143] Fig. 24 shows an example in which the slide
structure having the labyrinth seal mechanism is struc-
tured into multiple stages for increasing the sliding
amount of the trough. Fig. 24(a) is a side cross-sectional
view, and Fig. 24(b) is a rear view. The same reference
numerals as those in Figs. 20 to 22 are used to identify
the same or corresponding parts, which will not be fur-
ther described.
[0144] When a large sliding amount (for example, ap-
proximately 60mm in total) is intended to be absorbed
at one connecting portion, a large gap is required at the
connecting portion between the troughs, which causes
insufficient air for air-cushion, thereby resulting in unsta-
ble movement of the belt.
[0145] Fig. 24 shows an example in which a trough
58a provided with convex portions 81 on both sides and
a trough 58b provided with concave portions 81 on both
sides are interposed between the left trough 57a and
the right trough 57b in the example in Fig. 22, thereby
forming a multi-staged sliding structure. The connecting
portions having the sliding structure are each provided
with the labyrinth seal mechanism L. The air-supply
chamber 71 is provided under each trough, and the air-
supply chambers 71 are interconnected by means of a
hose or a pipe 84a. It should be appreciated that the
guide plate 83 may be provided with the air-supply
chamber connected by means of the hose or the pipe
as shown in the example in Fig. 22 for the purpose of
compensating for insufficient air for air-cushion at the
connecting portion.
[0146] As a matter course, the sliding structure having
the labyrinth mechanism of the present invention is ap-
plicable to the return trough in the duct 10 in Fig. 20, a
trough of an air-cushion conveyor of a double cylinder
shape, or a trough of an air-cushion conveyor compris-
ing a pair of ducts (reciprocating pipe) in the vertical di-
rection.
[0147] Fig. 25 is a perspective view showing a guide
member in Fig. 1.
[0148] In Fig. 1, the shoot 8 is provided above the belt
2 between the entrance-side pulley 3 and the trough en-
trance 5a. The shoot 8 is inclined slightly forwardly (to-
ward the direction in which the belt 2 moves) from ver-
tical. The shoot 8 may be vertically provided. A lower
end of the shoot 8 has an opening 8. The guide member
103 is mounted to a rear portion of the opening 8a. The
guide member 103 and the shoot 8 constitute the load-
ing device 101 for loading the products on the belt 2. In
this case, the shape of the opening in the lower end of
the shoot 8 may be, for example, an ellipse other than
rectangle.
[0149] Fig. 25 shows a detail of the guide member
103. The guide member 103 has a trapezium-shaped
bottom plate 104 inclined forwardly and downwardly,
and side plates 105 vertically provided on both sides of

the bottom plate 104. The bottom plate 104 is inclined
more greatly than the shoot 8. With this configuration,
the product dropping through the inside of the shoot 8
reaches the bottom plate 104 and is then loaded on the
belt. The trapezium-shaped bottom plate 104 has a
width decreasing toward its front. Therefore, by sub-
stantially conforming the center of a front edge of the
bottom plate 104 to the center of the belt in the width
direction, the products are gathered to the center of the
belt and evenly distributed in the right and left direction
from the center corresponding to a crest of mountain,
so that uneven distribution of the products in the width
direction of the belt can be avoided. A reinforcement rib
104 is provided on a lower surface of the bottom plate
104.
[0150] A flange portion 107 provided with elongated
holes 106 for mounting bolts is provided on an upper
end side of the side plate 105. As corresponding to the
elongated holes 106, flange portions 108 and bolt holes
(not shown) are provided on both sides of the lower end
of the shoot 8. With this structure, the guide member
103 is mounted so as to be displaceable in the front and
rear direction (longitudinal direction of the belt 2) with
respect to the opening 8a of the shoot 8. The elongated
holes may be formed in the flange portions 108 of the
shoot 8 and the bolt holes may be formed in the flange
portions 107 of the guide plate 103. This results in long
elongated holes. As a result, the guide member 103 can
be displaceable within a long range. The both side
plates 105 are configured to have an upper end con-
forming to sides of the rectangular opening 8a, and
hence extend outwardly and upwardly.
[0151] As shown in Fig. 26, in accordance with the
guide member 103 (Fig. 26(a)), even the products drop-
ping in an unevenly distributed state in the width direc-
tion through the inside of the shoot 8 (Fig. 26(b)) are in
large part loaded on the belt 2 from the front edge of the
bottom plate 104 having a small width. That is, since the
both side plates 105 extend outwardly and upwardly as
described above, the products dropping through the in-
side of the shoot 8 in a dispersed state are naturally
gathered to the center portion (Fig. 26(c)). Therefore,
most of the products are gathered to the center portion
of the belt 2 in the width direction (Fig. 26(d)), and are
evenly distributed laterally. In addition to the front open-
ing 103a of the guide plate 103, a front portion 8b of the
opening 8a of the shoot 8 serves as an exit for the prod-
ucts from the shoot 8. Therefore, even when a great
many products are dropping, the shoot 8 does not get
clogged.
[0152] Fig. 27 shows a case where a center line of a
cross-section of the shoot 8 does not conform to a center
line of the guide member 103. It is most desirable that
the longitudinal center line of the guide member 103
conform to the center line of the belt 2. Nonetheless,
more often than not, the longitudinal center line of the
installed shoot 8 somewhat deviates from the center line
of the belt 2. The guide member 103 is easily mounted
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to such a shoot 8 so as to conform to the center line of
the belt 2. That is, as shown in the Figure, the flange
portion 107 of the guide member 103 and the flange por-
tion 108 of the shoot 8 may be extended so as to offset
the above deviation, and then overlapped with each oth-
er. In this case, it is preferable that the opening 8a of the
shoot 8 is located in the guide member 103.
[0153] A loading device 111 in Fig. 28 is configured
such that a plurality of guide members 103 are mounted
to the opening 102a of the lower end of the shoot 102
along its longitudinal direction. Since the longitudinal di-
mension of the opening 102a of the lower end of the
shoot 102 is larger than that of the shoot 8 in Fig. 1, the
structure and shape of the guide members 103 are con-
figured to be identical to those in Fig. 25. Therefore,
each guide member 103 is longitudinally displaceable
with respect to the opening 102a of the lower end of the
shoot. Reference numeral 118 denotes a flange portion
of the shoot 102. The description of the other details are
omitted. It should be noted that, according to the longi-
tudinal dimension of the opening 102a of the lower end
of the shoot 102, the guide members having a smaller
longitudinal dimension may be installed. It is preferable
that in the loading device 111, a distance D is set be-
tween adjacent guide members 103 as shown in the Fig-
ure, for the purpose of larger area of the opening 102a
of the shoot. Also, instead of the above arrangement of
the guide members, the height of the lower ends of the
plurality of guide members may decrease as they are
away from the front. To be specific, to prevent the prod-
ucts being loaded from the guide member located be-
hind from abutting with the lower end of the guide mem-
ber located in front, the lower end of each guide member
is set slightly higher than that of the guide member lo-
cated adjacently and behind.
[0154] In accordance with the loading device 111,
even when a great many products drop or the products
drop in a dispersed state, all the guide members 103
are capable of gathering these to the center of the belt 2.
[0155] In the loading device 113 in Fig. 29, a shoot
114 has a circular-arc cross-section. A guide member
115 is shaped suitably for the shoot 114. To be specific,
the guide member 115 is obtained by longitudinally di-
viding in two a tube of a cone with head cut off (a frustum
of a cone). In other words, the bottom plate and the side
plate are continuously and integrally curved. Therefore,
the guide member 115 has a horizontal cross-section of
a circular-arc shape. The average curvature of the cir-
cular-arc cross-section is set larger toward a carrying
path face (the average curvature radius is smaller). And,
the guide member 115 is mounted to the rear portion of
the lower end of the shoot 114 in a downwardly and for-
wardly inclined condition. As a result, the circular-arc of
the upper end edge of the guide member 115 becomes
different from the circular-arc of the lower end edge of
the shoot 114. Therefore, non-conformity occurs in the
connecting portion between the guide member 115 and
the shoot 114, and the resulting gap can be easily closed

by flange portions 116, 117.
[0156] According to the guide member 115, since the
products are loaded on the belt 2 from the front end edge
having a small curvature radius, most of the products
are gathered to the center portion of the belt 2 in the
width direction.
[0157] The guide member 115 is shaped with the frus-
tum of the cone longitudinally divided in two. The frus-
tum of the cone is not limited to be divided in two but,
may be cut along a face including two radiuses forming
a desired angle such as 120° , 150° , or 210° from the
center of the frustum of the cone. Alternatively, a frustum
of an elliptical cone may be cut in the manner described
above.
[0158] In the above-mentioned loading devices 101,
111, 113, the guide members 103, 115 are mounted to
the shoots 8, 114, respectively, but the present invention
is not limited to this configuration. For example, the
guide member may be mounted to the duct 10 or the
skirt 9 so as to be position-adjustable. In this state, the
shoot may be installed such that its lower end somewhat
enters the inside of the guide member. By mounting the
guide member to the duct 10 or the skirt 9 so as to con-
form to the center line of the belt 2, there arises no prob-
lem regardless of non-conformity between the center
line of the cross-section of the shoot 8 and the center
line of the belt 2 as described above (Fig. 27).
[0159] The present invention is applicable to any oth-
er belt conveyors as well as the air-cushion belt convey-
or. Further, the present invention is applicable to con-
veyors other than the belt conveyor.
[0160] In accordance with the present invention, the
friction resistance between the side portion of the belt
and the trough can be greatly reduced while ensuring
the space for the compressed air for air-cushion be-
tween the belt and the trough. As a result, equipping cost
and operation cost of the belt conveyor can be reduced
and life of the belt can be prolonged.
[0161] In addition, in accordance with the present ap-
plication, the residues are removed independently only
at the belt side portions. So, the residues can be effec-
tively removed without being affected by the deforma-
tion of the belt and reduction of the pressing force.
[0162] Since the cutwater and scraping at the belt side
portions in the width direction can be reliably conducted,
the dropping water or powder receivers (water receiv-
ers) can be installed only at the center portion of the belt
in the width direction under the conveyor, and therefore
can be installed in a narrow space.
[0163] Further, the deformation of the belt by bending
can be reduced or prevented, and the belt can be suffi-
ciently floated without an increase in an air pressure.
[0164] Still further, the leakage amount of the air for
air-cushion can be reduced, and the amount of air sup-
ply can be reduced. Because of stabilized amount of air
leakage, the belt can float stably and the moving resist-
ance can be reduced. The width of the air passage at
the labyrinth portion becomes constant regardless of
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change in the gap between the troughs by providing the
labyrinth seal mechanism at the connecting portion be-
tween the troughs. As a result, since the leakage
amount of the air for air-cushion becomes constant, the
belt can be kept floating stably and moving with reduced
resistance.
[0165] Moreover, in the conveyor such as the belt con-
veyor, uneven distribution of the products can be pre-
vented, and snaking of the carrying path such as the belt
can be prevented.

Claims

1. A trough of an air-cushion belt conveyor, the belt
conveyor being provided with interconnected
troughs, characterized in that

the troughs have a sliding structure with a gap
between the troughs so as to be slidable in their lon-
gitudinal direction, and

a seal mechanism capable of preventing leak-
age of air for air-cushion regardless of change in
the gap due to sliding of the trough is provided at a
connecting portion between the troughs.

2. A trough of an air-cushion belt conveyor, the belt
conveyor being provided with interconnected
troughs, characterized in that

the troughs have a sliding structure with a gap
between the troughs so as to be slidable in their lon-
gitudinal direction, and

a labyrinth seal mechanism capable of pre-
venting change in leakage amount of air for air-
cushion regardless of change in the gap due to slid-
ing of the trough is provided at a connecting portion
between the troughs.

3. The trough of an air-cushion belt conveyor accord-
ing to Claim 2, wherein

at the connecting portion between the
troughs, the troughs are fitted at their concave and
convex portions with a gap in a direction in which
the trough slides, thereby forming the sliding struc-
ture, and minute gaps parallel to the direction in
which the trough slides are created during sliding of
the trough, thereby forming the labyrinth seal mech-
anism.

4. The trough of an air-cushion belt conveyor accord-
ing to Claim 3, wherein the minute gaps constituting
part of the labyrinth seal mechanism are provided
inwardly of belt side portions.

5. The trough of an air-cushion belt conveyor accord-
ing to any one of Claims 1 to 4, wherein the sliding
structure having the seal mechanism or the laby-
rinth seal mechanism is provided in multiple stages
in the longitudinal direction of the troughs.

6. The trough of an air-cushion belt conveyor accord-
ing to any one of Claims 1 to 5, wherein a guide
plate is provided at the connecting portion between
the troughs, for guiding movement of the trough, the
guide plate being provided with an air-supply cham-
ber for supplying air for air-cushion and an air-sup-
ply hole through which a gap for permitting sliding
communicates with the air-supply chamber.

7. The trough of an air-cushion belt conveyor accord-
ing to any one of Claims 1 to 6, wherein the guide
plate is fixed to one of the troughs, and the other
trough is slidably engaged with the guide plate
through an elongated hole or a large-diameter hole
provided in the guide plate.

8. A device for removing residues adhering to belt side
portions on a return side of a conveyor belt, char-
acterized in that

cutwater rollers or scrapers are adapted to be
pressed against the belt side portions to be bent to-
ward an opposite direction to bending of the belt de-
formed by the bending on a forward side of the con-
veyor belt.

9. A device for removing residues adhering to belt side
portions on a return side of a conveyor belt, char-
acterized in that

cutwater rollers or scrapers are adapted to be
pressed against the belt side portions to be bent to-
ward an opposite direction to bending of the belt de-
formed by the bending on a forward side of the con-
veyor belt, and

the cutwater rollers and the scrapers are ar-
ranged along a direction in which the belt moves.

10. A device for removing residues adhering to belt side
portions on a return side of a conveyor belt, char-
acterized in that,

when the belt on the return side has trough
shape, cutwater rollers or scrapers are adapted to
be pressed against the belt side portions for push-
ing the belt side portions inwardly more than the
trough shape to cause the belt side portions to be
greatly bent.

11. A device for removing residues adhering to belt side
portions on a return side of a conveyor belt, char-
acterized in that,

when the belt on the return side has trough
shape,

cutwater rollers or scrapers are adapted to be
pressed against the belt side portions for pushing
the belt side portions inwardly more than the trough
shape to cause the belt side portions to be greatly
bent, and

the cutwater rollers and the scrapers are ar-
ranged along a direction in which the belt moves.
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12. The device for removing residues according to any
one of Claims 8 to 11, wherein water receivers are
provided at a center portion of the belt over an entire
conveyor.

13. The device for removing residues according to any
one of Claims 8 to 12, wherein straight-line shaped
press rollers or belt cleaners are provided in a width
direction of the belt so as to be located downstream
of the cutwater rollers or the scrapers in the direc-
tion in which the belt moves.

14. A guide member for a loading device, the guide
member being placed at a lower end of a shoot pro-
vided above a carrying path of a conveyor and
adapted to guide products onto a belt, the guide
member comprising:

a bottom plate provided as being inclined down-
wardly and forwardly and having a width de-
creasing toward its front and side plates provid-
ed along both sides of the bottom plate.

15. The guide member for a loading device according
to Claim 14, wherein the side plates extend out-
wardly and upwardly.

16. The guide member for a loading device according
to Claim 14, wherein the bottom plate and the side
plates are continuously and integrally curved with a
circular-arc-shaped horizontal cross-section having
an average curvature increasing toward a carrying
path face.

17. A loading device for a belt conveyor, the loading de-
vice being adapted to load products on a carrying
path of a conveyor, comprising:

a shoot constituting a path through which the
products drop; and
the guide member according to any one of
Claims 14 to 16, provided to be located at a low-
er end of the shoot.

18. The loading device for a belt conveyor according to
Claim 17, wherein both side plates of the guide
member are mounted to a rear portion of both sides
of an opening formed at the lower end of the shoot:

19. The loading device for a belt conveyor according to
Claim 17, wherein a plurality of guide members are
provided along a front and rear direction of an open-
ing formed at the lower end of the shoot.

20. The loading device for a belt conveyor according to
Claim 17, wherein the guide member is movably
provided along a front and rear direction of an open-
ing formed at the lower end of the shoot and is

adapted to be fixed at a desired position.

21. A conveyor comprising:

a long carrying path moving with products load-
ed thereon;
the loading device according to any one of
Claims 17 to 20, provided above the carrying
path, for loading the products on the carrying
path.

22. The conveyor according to Claim 21, wherein skirt
members are vertically provided on both right and
left sides of the carrying path over a front and rear
range in which the loading device is located, and an
upper end of the guide member is located below up-
per ends of the skirt members.

23. A belt conveyor comprising:

troughs;
a belt moving above the troughs along a longi-
tudinal direction of the troughs; and
belt bending members provided upstream of an
entrance of the troughs such that the members
are placed outside on both sides in a width di-
rection of the belt, wherein
the belt bending members are adapted to abut
with both side portions of the belt to be upward-
ly bent.

24. The belt conveyor according to Claim 23, wherein
the belt bending member is adapted to move along
a longitudinal direction of the belt so as to be close
to or away from an entrance of the troughs and to
be fixed at a desired position.

25. The belt conveyor according to Claim 23, wherein
the belt bending member is comprised of rollers pro-
vided so as to be rotated by side portions of the
moving belt.

26. The belt conveyor according to Claim 23, wherein
the belt bending member is comprised of sliding
members with which side portions of the moving
belt are in sliding contact.

27. The belt conveyor according to Claim 23, further
comprising first reactive force detectors for detect-
ing a reactive force exerted by the belt with which
the belt bending members abut.

28. The belt conveyor according to Claim 23, further
comprising second reactive force detectors provid-
ed independently of and apart from the belt bending
members, for detecting a reactive force exerted by
the belt in a state in which the belt bending members
are in contact with side portions of the belt.
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29. The belt conveyor according to Claim 23, wherein
the belt bending member is adapted to be displaced
and fixed at a desired position to cause the side por-
tion of the belt to be bent or the bent belt to be re-
stored.

30. The belt conveyor according to Claim 23, further
comprising displacing devices for displacing the
belt bending members to cause the side portions of
the belt to be bent or the bent belt to be restored,
wherein the displacing device is adapted to fix the
belt bending member at a displaced desired posi-
tion.

31. The belt conveyor according to Claim 23, compris-
ing one of the first reactive force detectors accord-
ing to Claim 27 and the second reactive force de-
tectors according to Claim 28, and the displacing
devices according to Claim 30, wherein the displac-
ing device is adapted to displace the belt bending
member according to a reactive force value detect-
ed by the one of the reactive force detectors.

32. An air-cushion belt conveyor comprising:

troughs;
a belt caused to float above the troughs and
move along a longitudinal direction of the
troughs; and
first support members provided outside of the
troughs to support the belt from below, wherein
a plurality of first support members are ar-
ranged as being spaced apart from each other
along a longitudinal direction of the belt, each
of the first support members comprises a plu-
rality of support elements arranged in a width
direction of the belt, and
at least adjacent first support members are con-
figured such that gaps between support ele-
ments are arranged so as not to be on straight
lines as seen from the longitudinal direction of
the belt.

33. The air-cushion belt conveyor according to Claim
32, wherein gaps between support elements in one
first support member of all the first support mem-
bers are arranged so as not to be on the same
straight lines as gaps between support elements in
the other first support members.

34. The air-cushion belt conveyor according to Claim
32, wherein the support elements are comprised of
rollers attached rotatably around axes in a width di-
rection of the belt.

35. The air-cushion belt conveyor according to Claim
32, wherein the support elements are comprised of
sliding members.

36. The air-cushion belt conveyor according to Claim
32, wherein one part of the support elements con-
stituting all the first support members are comprised
of the rollers according to Claim 34 and the other
part are comprised of the sliding members accord-
ing to Claim 35.

37. An air-cushion belt conveyor comprising:

troughs;
a belt caused to float above the troughs and
move along a longitudinal direction of the
troughs; and
second support members provided outside of
the troughs to support the belt from below,
wherein
the second support members are comprised of
sliding members extending continuously along
a width direction of the belt.

38. The air-cushion belt conveyor according to Claim
37, wherein a plurality of second support members
are arranged as being spaced apart from each other
along the longitudinal direction of the belt.

39. The air-cushion belt conveyor according to Claim
37, further comprising first support members pro-
vided outside of the trough, for supporting the belt
from below, the first support members being com-
prised of a plurality of support elements arranged in
the width direction of the belt.

40. The air-cushion belt conveyor according to Claim
37, wherein one of the second support members is
provided in contact with an end portion of the
troughs.
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